High-refractive index dielectric nanoparticles may exhibit strong directional forward light scattering at visible and near-infrared wavelengths due to interference of simultaneously excited electric and magnetic dipole resonances. For a spherical high-index dielectric, the so-called first Kerker's condition can be realized, at which the backward scattering practically vanishes for some combination of refractive index and particle size. However, Kerker's condition for spherical particles is only possible at the tail of the scattering resonances, when the particle scatters light weakly. Here we demonstrate that significantly higher forward scattering can be realized if spheroidal particles are considered instead. For each value of refractive index n exists an optimum shape of the particle, which produces minimum backscattering efficiency together with maximum forward scattering. This effect is achieved due to the overlapping of magnetic and electric dipole resonances of the spheroidal particle at the resonance frequency. It permits the design of very efficient, low-loss optical nanoantennas. In all the above cases, the zero-backward scattering condition has been fulfilled on the longwavelength tail of the magnetic dipole resonance out of the maximum of the scattering amplitude.
Resonant nanoparticles and nanoantennas 1 become crucially important for advanced photonic technologies including on-chip interconnects, bioimaging, solar-cells, heat-assisted magnetic recording etc. They can play the role of nanooptical elements, which may substitute conventional optics at subwavelength scale. During the last few years a significant attention has been paid to nanoparticles made of low-loss high-refractive index dielectric and semiconductor materials, in which one can observe both electric and magnetic dipole resonances with comparable strengths at optical frequencies [2] [3] [4] [5] [6] [7] [8] . Interference of these two modes allows to fulfill a condition for almost zero backward light scattering, as proposed by Kerker et al. for spherical particles more than three decades ago 9, 10 .
Thus, these materials open a fascinating opportunity to control directionality of scattering and design efficient low-loss nanoantennas [11] [12] [13] . The Kerker's-type directional scattering was experimentally demonstrated first for millimeter-scale ceramic spheres in the microwave regime 14 , and shortly after for nanometer-scales silicon nanospheres 15 and gallium arsenide nanodisks 16 in the visible spectral range.
In all the above cases, the zero-backward scattering condition has been fulfilled on the longwavelength tail of the magnetic dipole resonance out of the maximum of the scattering amplitude.
However, it was shown recently that for nanostructures with non-spherical shape, namely, flat silicon disks with an aspect ratio around 1:2, electric and magnetic dipole resonances can be overlapped 17 , providing a strong forward scattering and almost zero backward scattering at the scattering resonance maximum.
In this paper, we demonstrate that for spheroidal nanoparticles one can always find an optimum aspect ratio, at which the overlapped electric and magnetic dipole resonances provide simultaneously minimal backscattering and optimized forward scattering. This optimum shape depends on the specific value of material refractive index. We work in the frame of exact light scattering methods and consider spheres and spheroids with different aspect ratios.
First, scattering properties of spherical nanoparticles have been analyzed using Mie theory 18 (see Methods for details). One of the possibilities to satisfy condition 1
is to use metallic-dielectric core-shell nanoparticles 20 . It can also be reached by changing the particle's shape, e.g. using oblate spheroidal nanoparticles instead of spheres. As it was shown in our previous work (see Fig. 4 in Ref. 15) , squeezing a silicon sphere into a spheroid with aspect ratio around 1:2 it is possible to obtain overlapping between the electric and magnetic dipole resonances and minimized backward scattering close to the wavelength of scattering resonances. This is also consistent with results published later for silicon nanodisks 17 . Going one step further, we will now demonstrate that for any given value of the particle refractive index there is a particular particle shape at which a resonant forward scattering with minimized backward scattering can be realized.
Solution of the wave equation in spheroidal coordinates can be made using the separation of variables method 21 (see also Methods). In the following we will focus our study on oblate spheroids, Final result of optimization is presented in Fig. 4 . It shows the dependence of the optimum shape of the spheroids on the particle refractive index: In conclusion, we have investigated the problem of the shape optimization for oblate spheroidal dielectric particles aimed to obtain minimum backscattering together with maximized total and forward scattering. We have shown that this optimization is possible for any given value of refractive index. Such optimized particles are extremely efficient directional optical nanoantennas, which can act as Huygens sources 11 . Efficiency of spheroidal scatterers depends on the refractive index of the material and can be significantly higher than those which can be reached with spherical particles.
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Methods

Scattering by spheres
Scattering efficiencies for total, sca Q , forward, FS Q , and backward, BS Q , scattering of a spherical particle can be derived within the framework of Mie theory 18 and written as:
The electric, l a , and magnetic, l b , scattering amplitudes for nonmagnetic materials with relative magnetic susceptibility 1 = μ , and dielectric permittivity 2 n = ε (n being the refractive index of the particle material) are given by:
where l ℜ and l ℑ functions are defined as follows: 
where each partial efficiency corresponds to the radiation of the l -th order multipole. Terms 
Here, 
Multipole decomposition
Multipole decomposition allows one to identify the multipolar character of the different resonances being excited in a system [28] [29] [30] . In our case, it was performed by projecting the electromagnetic field 
with ) (cosθ 
Q or Q is obtained depending on whether one uses q or v q . The total scattering efficiency can be retrieved by summing up the contributions of the different electric and magnetic multipoles. While the choice of the radius of the sphere is arbitrary, the only requirement to achieve accurate results is a sufficiently accurate angular resolution in the integral.
